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INTRODUCTION
R. C. von Borstel Roger H. Smith
Biology Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee
This report summarizes the dosimetric analyses accumulated during the five-year
period of the Biosatellite program. These data are from a unique source placed in a
unique optical bench, the Biosatellite. Thus the multitudinous array of dosimeters
was mandatory to give us confidence in the experiment.
It was especially gratifying to find that the lithium fluoride dosimetry carried out
by John E. Hewitt at the Ames Research Center was in excellent agreement with our
own.
I 2
Sohei Kondo R. C. von Borstel Katherine T. Cain
1 2 . . .
Faculty of Medicine, Osaka University, Osaka, Japan, and Biology Division,
Oak Ridge National Laboratory, Oak Ridge, Tennessee
Extensive dosimetry testing was carried out on the space vehicle and ground-
based control setup at Ames Research Center after the flight of Biosatellite II. The
purpose of our experiments was to obtain data needed for converting the readings
determined from Toshiba glass rods which had been loaded at different monitoring
positions in the actual experiment of Biosatellite II to true exposures given to the
biological materials used in our experiment. This conversion required the determination
of two parameters: the fractions of exposures attributable to scattered y-radiation, and
the relative ratios of exposures at monitoring positions to those at the positions where
the biological materials were loaded.
J^raj^J^ojTS^^fJExgojsy^
Principle of measurement and preparatory experiments— The reading of a
glass rod exposed to primary y-radiation contaminated with scattered y-radiation
can be expressed as
(1)
where y, P, and S are respectively the reading of a rod (in arbitrary units
proportional to the fluorescence intensity), the exposure of primary y-radiation,
and the exposure of scattered y-radiation; a is the rod reading per roentgen for
primary y-radiation, and o denotes the ratio of rod reading per roentgen of the
scattered radiation to that of the primary radiation. The essential feature of the
method that we used lies in the fact that the energy dependence factor, a, and
hence y, takes different values for rods made of different glass or encased in different
shielding material, and that the dependence of a on energy of scattered y-radiation
is a characteristic of the glass and the shielding material.
We used high Z glass (Schulman, Ginther, Klick, Alger, and Levy, 1951) and
low Z glass (Yokota, Nakajima, and Sakai, 1961). The energy dependence
factor, o, takes a maximum around 50 kev, with values of about 7 and 20 for low
and high Z glasses, respectively, as shown in Figure I.I (Fowler and Attix, 1966).
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FIG. I. 1. Energy-response-specfrum of high Z (standard) and low Z
glass rods. (After Fowler and Attix, 1966.)
This energy dependence can be greatly reduced by encasing rods in gold cases
instead of plastic or other low Z material cases (Yokota and Nakajima, 1965).
Combination of these factors gives four sets of dosimeters whose responses can
be written as
y j = £ j (P + ajl) (i= 1 ,2 ,3 ,4) (2)
where subscripts^ = 1, 2, 3, and 4 stand for the dosimeters of low Z glass rods
in plastic cases, low Z in gold, high Z in plastic, and high Z in gold, respectively.
The values for a . 's and a. 's, determined experimentally for various "y- and
X-radiations with different energy spectra, are summarized in Table I. 1 . The low
Z glass rods used in this experiment are commercially available products, 1 mm
in diameter and 6 mm long, obtained from Toshiba Co. (Yokota et al., 1961).
The high Z glass rods, 1 mm in diameter and 6 mm long, of the Schulman type
(Schulman et al., 1951) were a gift of Dr. Ryosuke Yokota, Toshiba Co., and the
gold cases were made according to the design of Yokota and Nakajima (1965) and
were a gift of Toshiba Co.
o
D)
a
E"
c
'i
"o
o"
_o
Q.
C
-a(U
V)
O
U
(D
-a
o
V)
_s
O)
CO
CO
if)
CM
CO
C —
> '•= c °
^ .2 | - o,
CO*
-o
c
o
o
X
o
u.
O
o
0)
e
n
v
e
0
ct:
_Q)
_Q
o
c
o *>
E '^  a)
< .2 ^
•— ~O O
Tj- O O
c _
o -o
22 SL ° -
CM
-O
m
0
oo
.
-o E E D£ t>
oo
0
t: 0)
v- O v
•-
S
-H-
O l
O
O
OO
O
0)
u
V)o
Q
a>
a.
X.
u .S
.
O
O
E "5
o -«=
-'
 E
 — ±
.0 c) Jl '*
HIS <^
N
!
N
1
N
1
— — CN
IO
00
1 rx CD
^™
i
10
1 ,
1 CO 1
CN
1
00
1 IO CN
OO
IO CO O
00 OO OO
0 O —°
,.— — •* */)
£ . "o
o -c-
E ^-^ "£ '?
.0 o J 1 i E
~ O^ ^ ^_ /r\ O^
N N N
_C _£ -C
ro o) o)
X X X
'
OO OO •'t
LJJ
•
'-o
o
Vd)
D
8
o_
X
4)
E
CN
1_jo
•Si
c
8.
E
o
u
o
-Q
V*o1 —
""o
"o
f-
VI
o
c
o
Q
'0
O (!)
>- 3-
QX O
1^1
 m ^J
0 Q,
O_ L.
Jlio5
_c o
-1- M-
-C «.
4- 1—
•II
"O <1)
« u
5-5
^ s
» s
Q) Cki
^ VI
^— ^o ^^
k.
s • -j£ <u
* X
00
~p
Q
CN
V)c
E
3
o
o
c
c1
o
"c
(U
n
ca
se
m
Q)
TJ
o
</>
_o
O)
^o
8.
-t—
<u
•4—
(/>
, _
o
(U
Q-
U)
0^
.a
D
o
v>
o
CO
-1—
a;
«
-C
•*-
c
o
u. .2
Q-l3 |
4) X
"O M-
0 O
E
V8.
0) *"
. -t
.— c
0)
— ""«£
u-
11 :o
s1^
**~ c
o <u
o p
• c
— 0)
P 2 .
88-1
•"^ ~Q P
2 i_ v>
i^-8
N^X O Wl
c X-S
o .t: o)
o S u
'"" 4— O
^ c a>
2 "™ ».
1 (U O
^ c u
<* 8 cS " sCO 4, -o
•*- « c0 0 a,
c — °-S **- <"
™M- "0O) ;^
c xal o 0)
O "^ 0
•- o c
i- <- (D
*" flj
E ^"g
ill
/•^ o
S..E|
'v, -0 f
C 0) ^x4) </>
0 </> «*:C v> O
<1) O ^_
v> ro °
2 N "^
_ > t
- • O
U it
^
or1
•H-
.
o
o
c
'i
aJ
0)
T3
N
o
E
o
<->-
"O(U
o
4—
LJJ
The X-radiation used for obtaining the calibration data in Table 1 was from
a tungsten target. The spectra of the X-radiation (Kondo and Kato, 1959),
given in Figure 1.2, were expected to simulate, though very roughly, the spectra of
secondary y-radiations (i.e., tungsten fluorescence and Compton scattering found
oc
in the Biosatellite II experiment), because the source holders for the Sr used in
the spacecraft and the ground-based control setup were made of tungsten, as were
the floors of the radiation areas.
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FIG. 1.2. Spectrum of X-radiation believed to be similar to the
scattered radiation used in present experiments (Kato and Kondo,
1959).
Experimental results with Biosatellite ground-based control and flight
setups—The four packages that held the biological materials were arranged
oc
around the Sr source (Fig. 1.3) at different distances from it (Table 1.2). The
package in the 1-kR nominal exposure position was elevated above the tungsten
backscatter shield upon an aluminum bracket; the other three packages were
ORNL-BIO-22594
FIG. 1.3. Schematic diagram of forward (radiation) section of Biosatellite II. The
Habrobracon packages are shaded. The radiation source is in the geometric center.
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screwed to the shield. In the spacecraft, during the actual flight, the bracket of the
1-kR package was placed inadvertently in a reversed position, so that the package face
was tilted at an angle 30° upward and away from the source (Figs. 1.4 and 1.5).
ORNL-BIO-22595
FIG. 1.4. Altered and standard arrangement for Habrobracon packages at 1000-R nominal
position. Distances of Habrobracon cavity, dosimeter positions, and yeast and Artemia
positions, with respect to radiation source, are indicated.
ORNL-BIO-22596
FIG. 1.5. Radiation sections
of ground-based control setup
(above) and spacecraft (below)
showing altered arrangement of
Habrobracon packages at the
1-kR nominal exposure position.
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We placed the four sets of glass rods at 4-kR and 0.5-kR positions in the
Biosatellite ground-based control setup and in the spacecraft. Because of the
shortage of the number of high Z rods at our disposal, we placed only the low Z rods
encased in gold or in plastic cases at the 2-kR and 1-kR positions in the ground-based
control setup and the spacecraft. Table 1.3 summarizes the averaged readings of
these rods. Assuming for the moment that the nominal 4-kR position received
exactly 4-kR, the readings at the other positions deviate from the expected by about 10%
Table 1.3. Comparison of average readings of rods in plastic tubes and gold cases
Low Z Glass in
Monitor
Position
Front
4 k R
2 k R
1 kR
0.5 kR
Base
0.5 kR
Gold
Measured Ratio
1050 ±26 4.0
502 ±12 1.90
291 ±9 1.12
148.4± 1.5 0.56
122 ± 4.3
Plastic
Measured Ratio
683 ±
341 ±
199 ±
96. 4 ±
80.6±
14 4.0
4 2.0
4 1.16
1.7 0.56
1.7
High Z Glass in
Gold Plastic
(Measured) (Measured)
884 ±11 627 ±25
— —
— —
128.4± 3.4 97. 5 ± 4.4
— —
Substituting the reading values in Table 1.3 and the values in Table I. 1 for y
and a. in Equation (2), respectively, we obtain the following empirical equations:
11
For the 4-kR position
683 = f_+°1^
1050 = 1.6P + 1
627 - 0.858P +0.8580 S
— o—
884 = 1.3P + 1.30.S
(3)
and
From the above equations we have
76 ±32 51 ± 30S =
For the 0.5-kR position <
96.4 =•
148 = 1.6P_+ 1.60 S
97.5 = 0.858P_+ 0.8580 S
128.4 = 1.3P+ 1.30,5
a - o
3 4
48 ±31
o - o
3 1
for the 4-kR position
(4)
(5)
c 21 ± 5
V°2
17 ±5
a - o3 1
15 ±6
o _ o
3 4
for the 0.5-kR position where the
standard errors are calculated from the data in Table 1.3. If we ignore these
standard errors, from Equations (5) and (6) we have, respectively,
VVV°2
and
(6)
o > o > a > o
3 4 1 2
Because of the standard errors, these relations have not been strictly proved by the
experimental data, but we may argue as fol lows: The relation o > a assumed at the
0.5-kR position, would be true if the component of scattered >-rays with energy
around 200 kev is much more abundant than the component with energy around 60 kev,
(7)
(8)
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the energy of the tungsten fluorescence X-ray; this can be verified from the energy
dependence data of CT and o given in Table I. 1 combined with the spectra of the
X-rays used and the energy dependence spectra of 0. and o given in Figure I.I.
I O
The relation of CT1>°^ means, by similar reasoning, that the component of scattered
y-rays around 60 kev contributes more to the glass rod reading than the component
around 200 kev.
From the above, or primarily theoretical argument, we may take the X-rays
of 180 kvp filtered by Cu 1.0 mm + Al 0.5 mm as the first order approximation for
the scattered "X-rays in the Biosatellite II, though it would have been better to
have had a higher kvp X-ray machine at our disposal. Then from Table I. 1 we have
4.0;0 = .Q .8 ;0 = 1 5; c = 2.8 (9)3
where 0" and °" for "plastic" have been approximated by the o ' and °" ' values
I O 1 O
for "aluminum" given in Fable I.I. Thus substituting the values in Equation (9)
for o. 's in Equations (5) and (6), we obtain for the 4-kR position:
S_ = 5.3 ± 2.3; a S = 21 ± 11 (10)
and for the 0.5-kR position:
S = 1.5± 0.4; <JS = 6 ± 1.4 ( ] ] )
where the forms of Equations (5) and (6) containing the a_-^» have been used.
o ^
The other two forms gave values identical to these within the standard errors.
Since the glass rod readings were adjusted to make 1 unit of reading equal
pc
to 1 R of Sr y-rays, we used the following expression of factor f
 D to convert
— K
the rod readings to R values:
' 13
P + S S(a - 1)
From Equations (3) and (5) and from (4) and (6), we have
f_ = 0.977 ± 0.010, for the 4-kR position
—K
and (13)
f_ = 0.953 ± 0.012, for the 0.5-kR position
—K
The fD values summarized in Table 1.4 can also be used for conversion of rod readings
—K
at the "base" position, at least as the first order approximation. This is because
the ratio of rod readings in gold cases to those in plastic cases at the "front"
position is equal to that at the base position for the 0.5 kR position, as will be
easily seen from Table 1.3.
Table 1.4. Estimates of the fraction of scattered radiation and the
conversion factor, f , from glass rod readings to exposures for
~K
the monitoring positionings
Monitor
Position
4kR
2kR . ..
IkR
0.5 kR
Fraction of
Scattered Radiation
(%)
0.75
1.1
1.4
1.6
-
f
 R '
0.977
0.97*
0.961
0.95
*The scattered exposure fraction was interpolated from the
assumed linear relationship (cf. Henry and Garrett, 1964)
between the scattered exposure fraction and the H/L value
where H and L are, respectively, the height of the monitor
position from the floor and the distance from the source.
^Interpolated from the values at the 2-kR and 0.5-kR positions.
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Scattered radiation in control (0 dose) area of spacecraft — Let us assume
that no primary radiation reached the monitors in the aft area of the space vehicle
behind the tungsten shield. Except for that from outside the vehicle, which was
negligible, all radiation detected would then be primarily from scattering. Thus,
Equation (2) for low Z rods in plastic and gold cases reduces to
According to measured readings of rods in plastic and gold cases in the front
position, the above equation takes the following empirical form:
1.3 = OjS; 0.5 = 1.602$ (15)
Assuming that o Js close to unity (Table 1 ), we have from Equation (1 5),
a] ~4.2; S~0.3(R) (16)
This is an independent demonstration of the validity that 0" is close to 4, as we
have assumed in the previous section.
Since the rods in the control position were exposed n times as long as
those in the exposure area discussed in the previous section, the exposure to
biological materials in the control can be estimated as kD . where D . is the
- '"4, — M4
Habrobracon exposure for the 4-kR position and k is derived as the ratio of 0.3 R
[ see Equation (1 6)] to 667 R [ see Equation (1 3)] divided by n.
Table 4 summarizes the values of conversion factors and fractions of
exposures contributed by scattered y-radiation relative to primary y-radiation
plus the high energy part of Compton-scattered y-radiation. The values at 2-kR
and 1-kR positions have been estimated by interpolation.
15
Conversion Factors for Exposures to Biological Materials
f+.S+jt^ +llS*,******^ **1*'*********'*!'*'1***^ ^
Habrobracon modules ("front" position) — The monitoring positions were 2 mm
further from the source than the cavity in which the Habrobracon were placed
(distance a_ in Fig. 4), so the conversion factor, f , from the reading at the moni-
toring position D, to the exposure D given to the Habrobracon follows the equation
— M ~n
f = -" = (* + °)2 ~
-H — V^T-' -
~ -M
(17)
where c is a proportionality constant.
As shown in Table 1.5 and plotted in Figure 1.6, the experimental data nicely
fit Equation (17). Table 1.6 gives the best estimates of the values of_f ,, .
Table 1.5. Rod readings at the Habrobracon position, D.,, and
at the monitoring position, D.. —
Nominal
Position
4 k R
2 kR
1 kR
0.5 kR
Altered
1 kR
Set
I
EH
EM
EM
EH
EM
EH
Average
683 ±
625 ±
340. 7 ±
323 ±
198. 4 ±
189 ±
96. 4 ±
93. 7 ±
155.5 ±
149 ±
14
6.5
8.9
1.7
4
1.4
1.7
0.65
3.0
4.2
Ratio
1.093 (1 ± 0.023)
1.055 (1 ± 0.012)
1.049 (1 ± 0.022)
1.02 (1 ± 0.019)
1.044 (1 ± 0.033)
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Table 1.6. Conversion factor, fu, from exposures at the monitoring position
~rl
to those given to Habrobracon in the front position
Nominal
Position 4 k R 2 kR 1 kR 0.5 kR
Altered
] kR
-'H 1.09 1.06 1.05 1.03 1.04
ORNL-BIO-22597
m S
a a
1.10 -
1.08-
1.06-
1.04-
1.02-
1.00
FIG. 1.6. Dependence of exposure at the biological
position, Do (=PIJ), divided by monitoring position
exposure, DV», on" the square of IX.
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Yeast and Artemia modules ("base" position)—The containers in which the
yeast and Artemia were placed were located at the base of the packages (Fig. 1.4).
The exposures received in these containers were determined experimentally relative
to the exposures received in the monitoring positions. The conversion factors,
_f, are shown in Table 1.7.
Table 1.7. Conversion factor, fy, from exposures at the monitoring position
to those given to yecTst or Artamia at the base position
Nominal
Position
4kR
2 k R
1 kR
0.5 kR
Altered ] kR
"Base"
42.5
247
152
80.6
144
± 5.
±2.
± 3
± 1.
± 6.
6
5
7
5
"Monitoring"
625
323
189
93.
149
±
±
±
7±
±
6.
1.
1.
0.
4.
5
7
5
65
2
0.
0.
0.
0.
0.
-x
680 (1
765 (1
804 (1
860 (1
966 (1
±0.
± 0.
± 0.
± o.
±0.
013)
Oil)
021)
022)
052)
Summary
-^ ^^^^N^^vA^
It was shown for the Habrobracon experiment in the Biosatellite II spacecraft
that the scattered radiation with an energy of less than 100 kev accounted for less
than 1% of the exposure received by the 4000-R nominal exposure package. The
scattered radiation accounted for less than 2% of the exposure received by the
500-R nominal exposure package.
Conversion factors were obtained which permitted us to make corrections
for the geometry and the scattered radiation.
18
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DOSIMETRIC MEASUREMENTS FOR THE BIOSATELLITE II EXPERIMENT AND
ASSOCIATED AFTERFLIGHT EXPERIMENT
R. C. von Borstel Katherine T. Cain Sohei Kondo
The estimated exposures to the Habrobracon, yeast, and Artemia in the
Biosatellite II experiment are summarized in Tables II. 1-II. 7. The exposures did
not reach the nominal level because the duration of the flight was shortened. The
.data for each module position are the average of readings of each end of three
different glass rods. The conversion from radio-photoluminescent measurements
(F) to roetgens (R) is made according to
' I = AR- '
The constants A and B were derived experimentally from a standardized series of
exposures. Below 1000 R, A = 0.995 and £ = 1.045. Above 1000 R, A = 2.146
and B = 0.894. This conversion factor for exposures above 1000 R is for
measurements made after 3 months when the fading of the tenebrescence of the
glass has stabilized (Cheka, 1968). Below 1000 R the conversion factor changes
little, if any, with time.
The corrections made in the last two columns of Tables II. 5 and II.6 were
necessary because the Toshiba rods used for these measurements were from a batch
that was different from the batch used in the previous tests. In order to obtain
proper measurements, a correction factor of 0.9445 was used.
UTj^ AJUR^CITE^D
Cheka, J. S., 1968, Long-term stability of radiophotoluminescence in metaphosphdte
glass. Health Physics 15: 363-368.
20
Explanation of Tables II. 1-II.7
/^ ^^^^^^^ '^W^^W /^^ ^^^^^W^^V^^SV^^ '^^ ^^^^^^^
The nominal exposure is the amount of incident radiation in roentgens that
the Habrobracon were supposed to receive.
The module positions are UL (upper left), UR (upper right), LR (lower right),
and LL (lower left) as seen from the "^Sr source.
T is the reading of the Toshiba glass rod reader (in microamperes). The
values entered in the table are twice the reading, which gives a value approxi-
mately equal to the radiation exposure in R.
f is the exposure in roentgens incident upon the Habrobracon.
-n
f is the exposure in roentgens incident upon the yeast and Artemia.
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INTRA-EXPERIMENTAL DOSIMETRIC COMPARISONS
Diana B. Smith 1
2
John E. HewittR. C. von Borstel
Biometrics and Statistics, Oak Ridge National Laboratory, Oak Ridge, Tennessee, and
2
Biosatelfite Project, Ames Research Center, Moffet Field, California
The comparisons of the dosimetric data taken from the Toshiba glass rods and lithium
fluoride are shown in Figure III. 1. They are based on data obtained from the Biosatellite
flight itself. Jf the data from the altered package (1000-R nominal exposure during the
flight) are discounted, the data for the glass rods and the Lif powder from the Biosatellite
spacecraft and earth-based control follow inverse-square relations reasonably well. For
the slightly higher reading shown by the Lif in the tube closest to the radiation source,
we believe that the Lif received a slightly higher exposure, since it was in a tube that
formed a chord transecting the isodose line. The glass rods in the package nearest the
source were on a surface that was the arc of the isodose line itself. Further away from
the source, the dosimeters, even including the tubes, were within 5% of the isodose lines.
3500-
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2OOO-
1500-
10OO-
500-
FLI6HT CONTROL
—I—
5O
FRONT LiF
TOSHIBA GLASS ROD
REAR LiF
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FIG. III. 1. Exposure-distance relations
for the Habrobracon packages in the Biosatellite
II experiment.
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